Metabotropic glutamate receptor 5 modulates the nitric oxide-cGMP pathway in cerebellum in vivo through activation of AMPA receptors.
Metabotropic glutamate receptors (mGluRs) modulate important processes in cerebellum including long-term depression, which also requires formation of nitric oxide (NO) and cGMP. Some reports suggest that mGluRs could modulate the NO-cGMP pathway in cerebellum. However this modulation has not been studied in detail. The aim of this work was to assess by microdialysis in freely moving rats whether activation of mGluR5 modulates the NO-cGMP pathway in cerebellum in vivo and to analyze the underlying mechanisms. We show that mGluR5 activation increases extracellular glutamate, citrulline and cGMP in cerebellum. Blocking NMDA receptors with MK-801 does not prevent any of these effects, indicating that NMDA receptors activation is not required. However in the presence of MK-801 the effects are more transient, returning faster to basal levels. Blocking AMPA receptors prevents the increase in citrulline and cGMP induced by mGluR5 activation, but not the increase in glutamate. The release of glutamate is prevented by tetrodotoxin but not by fluoroacetate, indicating that glutamate is released from neurons and not from astrocytes. Activation of AMPA receptors increases citrulline and cGMP. These data indicate that activation of mGluR5 induces an increase of extracellular glutamate which activates AMPA receptors, leading to activation of nitric oxide synthase and increased NO, which activates guanylate cyclase, increasing cGMP. The response mediated by AMPA receptors desensitize rapidly. Activation of AMPA receptors also induces a mild depolarization, allowing activation of NMDA receptors which prolongs the duration of the effect initiated by activation of AMPA receptors. These data support that the three types of glutamate receptors: mGluR5, AMPA and NMDA cooperate in the modulation of the grade and duration of activation of the NO-cGMP pathway in cerebellum in vivo. This pathway would modulate cerebellar processes such as long-term depression.